subunits. This hypothesis is supported by experiments
Kv4.2-Ab beads lane that are not seen in the control beads lane and are nearly completely suppressed when showing that a 4-7 Kb cerebellar mRNA fraction accelerthe Kv4.2 Ab-beads are preincubated with an excess of ated the kinetics of Kv4 channels when coinjected with antigenic peptide: a band of ‫07ف‬ kDa (labeled "Kv4.2" Kv4 cRNAs into Xenopus oocytes (Nadal et al., 2001).
in Figure 1A ), a small band of ‫03ف‬ kDa (labeled "KChIP" These observations led to the suggestion that tranin Figure 1A ), and a band of ‫511ف‬ kDa (labeled "p115" in scripts in 4-7 Kb mRNA encode a factor termed "KAF" Figure 1A ). The band of ‫07ف‬ kDa corresponds in size (for K ϩ channel accelerating factor), perhaps a novel to Kv4 polypeptides and reacts with Kv4.2 antibodies channel-associated protein or an enzyme that moduin an immunoblot from a gel run in parallel ( Figure 1B ). lates Kv4 channel properties.
The identification of this band as Kv4.2 was confirmed The channels mediating the I SA in neurons have not by sequencing by tandem mass spectrometry (MS/MS). been characterized biochemically, an approach that has The ‫03ف‬ kDa band has the size expected of KChIP been extremely useful in identifying key components of proteins and reacts with a pan-KChIP antisera in immuother channel types (Isom et Figure 1D ). Moreover, antibodies rat cerebellar membranes. After extensive washing, the against DPPX coimmunoprecipitate Kv4.2 ( Figure 3A ). immunopurified complexes were eluted, and their comAt least some Kv4 channels in cerebellum probably ponents were separated by SDS-PAGE. The resulting contain DPPX and kChIP proteins in the same channel gel was silver stained ( Figure 1A , lane labeled "Kv4.2-complex, since antibodies against KChIP proteins imAb beads"). The results from this purification were communoprecipitate DPPX ( Figure 3B ) and antibodies to pared to those from a parallel extraction using protein-A DPPX immunoprecipitate KChIPs ( Figure 3A ). Sepharose beads crosslinked to preimmune sera ( Figure  1A , lane labeled "control beads") and to those from an DPPX Is the Missing Factor Necessary extraction using protein-A Sepharose beads crosslinked to Reconstitute the Properties to Kv4.2 antibodies carried out in the presence of an of Native I SA Channels excess of immunogenic peptide ( Figure 1A , lane labeled To investigate the functional effects of the association of Kv4 pore-forming subunits with DPPX, we characterized "ϩpeptide"). There are three prominent bands in the transfected cells ‫)%06ف(‬ had no detectable currents, in contrast to the significant slow down of the inactivaand these were small (Ͻ200 pA at ϩ40mV, average 86 tion time course produced by KChIPs. The currents expA; n ϭ 9) in cells with measurable current. Cotransfecpressed by Kv4.3 are slower than those produced by tion with DPPX-S resulted in the efficient expression of Kv4.2, and although DPPX also accelerates Kv4.3 curKv4.2 channels with currents in the order of ‫2ف‬ nA (n ϭ 7). rents, they remain slower than those expressed by DPPX-S also had large effects on the kinetics and Kv4.2 ϩ DPPX. In addition, the midpoint of the steadyvoltage dependence of Kv4.2 currents in Xenopus oostate inactivation of Kv4.3 currents (with or without cytes and CHO cells. The effects appeared to be similar DPPX) tends to occur at more positive potentials than in the two preparations and were characterized in Xenothat of Kv4.2 currents (Table 1) . Interestingly, similar pus oocytes, where their magnitude could be easily contrends (Table 1) Figures 7C and 7E) , the dentate gyrus ( Figure 7G ) and the olfactory bulb, and in thalamic relay neurons in several thalamic nuclei; it also includes neuronal populations that express mainly (or only) Kv4.2, such as CA1 pyramidal neurons in the hippocampus ( Figures 7B and 7G) , neurons in the pontine nucleus ( Figure 7A ), the olfactory tuberculus, and the striatum; as well as neurons expressing mainly (or only) Kv4.3, like Purkinje cells (inset in Figure 7C ) and neurons in the substantia nigra compacta and in the periglomerular area in the olfactory bulb. Figures 7B-7H) , although DPPX antibodies produced stronger staining of somas but weaker staining of dendrites, compared to antibodies to Kv4.2. It remains to be seen whether these differences in staining intensities reflect real differences in channel composition in somas and dendrites, which could explain differences in the electrophysiological properties of the somatic and dendritic I SA (Hoffman et al., 1997) , or whether they reflect differences in the processing and storage of both proteins.
Kv4.2 proteins have been shown to have a characteristic somatodendritic pattern of expression in the hippo

Discussion
We have identified DPPX as a novel associated protein of Kv4-mediated neuronal A-type K ϩ channels and have shown that this channel component is the additional molecular factor needed to explain the discrepancies observed between native channels and Kv4 channels In contrast to KChIP proteins, which slow down the inactivation of Kv4 channels several fold, DPPX increased the rate of channel inactivation (Table 1) Kv4 channels are likely to be tetramers of Kv4 poreforming subunits; however, the stoichiometry of the DPPX and KChIP associated proteins and whether Kv4 channels are always associated to both remain key questions for future studies. The existence of two poreforming subunits (Kv4.2 and Kv4.3; Kv4.1 is not prominently expressed in adult rodent brain) and two different types of associated protein, each providing different voltage-dependent and kinetic properties to the channels, is likely to be a major factor in explaining the diversity of I SA s in neurons (Rudy, 1988 ; Table 1 ). et al., 2000) . However, the mechachannels revealed that, in addition to Kv4 pore-forming nisms involved in the processing of Kv4 channels remain subunits, the channel complexes include two types of to be studied. associated proteins: KChIPs and DPPX. Although silver staining is not linear, the fact that the intensities of the DPPX and KChIP bands in Kv4 channel complexes are A Function for DPPX This study also led to the identification of a function comparable to those of the pore-forming Kv4 proteins suggests that these are important elements of the chanfor DPPX as a Kv4 channel-associated protein and key regulator of the processing, membrane expression, and nel complex. Furthermore, these associated proteins not only have major effects on the electrophysiological function of I SA channels. However, our results do not exclude the possibility that, as might be the case for properties of the channels, but in fact they might be an absolute requirement for the expression of Kv4 channels KChIPs, DPPX proteins also have Kv4-unrelated functions ( of MAGUKs, such as PSD95 and CASK (Anderson, 1996) . While the intriguing ideas suggested here remain to
Mass Spectrometry and Protein Identification
The silver-stained protein bands were excised from SDS-PAGE gel be investigated, it is clear that the identification of DPPX 
